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HFRQRPLF DJHQWV VLQFH PRVW HFRQRPLF GHFLVLRQV GHSHQG XSRQ H[SHFWDWLRQV RI IXWXUH
FRQGLWLRQV &RQVHTXHQWO\ D FRQVLGHUDEOH DPRXQW RI UHVHDUFK KDV EHHQ GHYRWHG WR
GHYHORSLQJ WKH WRROV DQG WHFKQLTXHVRIPDFURHFRQRPLF IRUHFDVWLQJ7KLVSDSHU DSSOLHV D
VPDOOVXEVHWRIWKHVHPHWKRGVWRMXVWRQHYDULDEOHWKDWLVRILQWHUHVW LQDSSOLFDWLRQV²UHDO










XVHG WR DQDO\VH LQWHUHVWLQJ VFHQDULRV IRU SROLF\ DQDO\VLV VXFK DV WKH SRWHQWLDO HIIHFWV RQ
1HZ=HDODQGRIUHFHVVLRQDEURDGDQGFKDQJHVLQGRPHVWLFPRQHWDU\FRQGLWLRQV
:KHQXVLQJWLPHVHULHVPRGHOVWKHILUVWLVVXHWKDWDULVHVLVWKHVHOHFWLRQRIWKHDSSURSULDWH




,QSDUWLFXODU RXU HPSLULFDO DSSOLFDWLRQVXVH WKH%D\HVLDQ ,QIRUPDWLRQ&ULWHULRQ %,& RI

6FKZDU] DQG WKH3RVWHULRU ,QIRUPDWLRQ&ULWHULRQ 3,&GHYHORSHG LQ3KLOOLSV DQG
3OREHUJHU   DQG 3KLOOLSV  7KHVHPRGHO VHOHFWLRQ WHFKQLTXHV KDYH ERWK
%D\HVLDQ DQG FODVVLFDO SUHTXHQWLDO MXVWLILFDWLRQV ZKLFK DUH GLVFXVVHG LQ 3KLOOLSV 
7KH\DUH LPSOHPHQWHGKHUH LQ WKH FRQWH[WRI D FODVVRI XQLYDULDWH DXWRUHJUHVVLYHPRGHOV
WKDWDOORZIRUDXQLWURRWDQGDFODVVRIPXOWLYDULDWHYHFWRUDXWRUHJUHVVLYHPRGHOVWKDWDOORZ
IRU FRLQWHJUDWLRQ 7KH PRGHO VHOHFWLRQ SURFHGXUHV KDYH EHHQ DXWRPDWHG LQ WHUPV RI
*$866 SURJUDPV IROORZLQJ WKH OLQHV RI 3KLOOLSV·V D DSSOLFDWLRQ WR KLVWRULFDO
HFRQRPLFWLPHVHULHVIRUWKH8QLWHG6WDWHV
$ IHDWXUH RI WKH DSSURDFK XVHG KHUH IROORZLQJ WKDW RI 3KLOOLSV  D LV WKDW LW
RIIHUVWKHIOH[LELOLW\RIDOORZLQJWKHRSWLPDOPRGHOLQWKHJLYHQFODVVHVWREHUHHYDOXDWHGDW
HDFKGDWHDVQHZGDWDEHFRPHVDYDLODEOH7KXVQRWRQO\DUHWKHHVWLPDWHGFRHIILFLHQWVRI
WKHPRGHOV DOORZHG WR FKDQJH EXW WKH IRUP RIPRGHOV WKHPVHOYHV PD\ DGDSW ZLWK WKH
DUULYDORIQHZLQIRUPDWLRQ6HSDUDWHO\WKHLVVXHRIQRQVWDWLRQDULW\LVSDUWLFXODUO\LPSRUWDQW
IRU HFRQRPLF WLPH VHULHV DQG PDQ\ WHFKQLTXHV KDYH EHHQ GHYHORSHG IRU FRQILUPLQJ LWV
SUHVHQFHDQGLGHQWLI\LQJLWVIRUP$IXUWKHUDGYDQWDJHRIWKHDSSURDFKWDNHQLQWKHSUHVHQW
SDSHU LV WKDW WKHSRVVLELOLW\RIQRQVWDWLRQDULW\ LQWKHGDWDDVZHOODV VRPHRI WKH IRUPV LW
PD\ WDNH DUH LQWURGXFHG VWUDLJKWIRUZDUGO\ DV DQ H[WHQVLRQ RI WKH PRGHO VHOHFWLRQ
SURFHGXUH,QSDUWLFXODUWKHRUGHURILQWHJUDWLRQRIWKHYDULDEOHRILQWHUHVWLQWKHXQLYDULDWH
PRGHOVWKHFRLQWHJUDWLQJUDQNLQWKH9$5PRGHOVDQGWKHGHWHUPLQLVWLFWUHQGGHJUHHDUH
VLPSO\DGGLWLRQDORUGHUSDUDPHWHUV WREH VHOHFWHGDVSDUW RI D FRKHUHQW V\VWHPRIPRGHO
FKRLFH
7KH RUJDQLVDWLRQ RI WKH UHPDLQGHU RI WKH SDSHU LV DV IROORZV 6HFWLRQ WZR JLYHV D EULHI
RYHUYLHZRIWKHRSHUDWLRQDOIHDWXUHVRIPRGHOGHWHUPLQDWLRQXVLQJ%,&DQG3,&6HFWLRQ
WKUHH DSSOLHV WKHVH WHFKQLTXHV WR JHQHUDWH H[DQWH IRUHFDVWV RI1HZ=HDODQG·V UHDO *'3

VHULHV 7KH ILUVW DSSOLFDWLRQ LV LQ WKH FRQWH[W RI D FODVV RI XQLYDULDWH ¶$5S 7UHQGT·
PRGHOVVHHEHORZWKDWLQFOXGHVRQO\1HZ=HDODQG·VUHDO*'37KHVHFRQGDSSOLFDWLRQ
LV DPXOWLYDULDWH ¶9$5S7UHQGT·PRGHO VHH  EHORZ LQFRUSRUDWLQJ WKH UHDO*'3
VHULHV IRU 1HZ =HDODQG $XVWUDOLD -DSDQ DQG WKH 8QLWHG 6WDWHV 7KH IRUHFDVWLQJ
SHUIRUPDQFHRIWKHVHOHFWHGPRGHOVLVFRPSDUHGZLWKIL[HGLHQRQHYROYLQJWLPHVHULHV
PRGHOV RI WKH VDPH FODVVHV DQG ZLWK IRUHFDVWV RI WKH 1=,(5 6HFWLRQ IRXU EULHIO\
GHPRQVWUDWHV WKH XVHIXOQHVV RI VXFK 9$5 PRGHOV LQ SUHGLFWLQJ WKH HIIHFWV RI VRPH
K\SRWKHWLFDO VFHQDULRV RI LQWHUHVW )LUVW WKH LQWHUQDWLRQDO9$5PRGHO RI VHFWLRQ WKUHH LV
XVHG WRDQDO\VH WKHHIIHFWVRI D UHFHVVLRQ LQ WKH8QLWHG6WDWHV6HFRQGD9$5PRGHORI




GHFLGHZKLFKPRGHOZLWKLQ WKHFKRVHQFODVVEHVW FDSWXUHV WKHFKDUDFWHULVWLFVRI WKHGDWD
7KLV PD\ LQYROYH VHOHFWLQJ WKH QXPEHU RI ODJV LQ WKH G\QDPLF VSHFLILFDWLRQ WKH
GHWHUPLQLVWLF WUHQG GHJUHH ZKHWKHU D XQLW URRW VKRXOG EH LQFRUSRUDWHG LQ WKH PRGHO
IRUPXODWLRQDQGVRRQ0RGHOVHOHFWLRQRIWKLVW\SHLVRIIXQGDPHQWDOLPSRUWDQFHLQWLPH




WKH UHDOLVHG KLVWRU\ RI WKH VHULHV %URDGO\ VSHDNLQJ WKH%D\HVLDQ DSSURDFK WR WKHPRGHO
VHOHFWLRQ SUREOHP LV WR DWWDFK D SUREDELOLW\PHDVXUH WR WKH SDUDPHWHU VSDFH DQG WR WKH
PRGHOV WKHPVHOYHV DQG WKHQFRPSXWH WKHSRVWHULRUSUREDELOLW\RI HDFKRI WKH FDQGLGDWH

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VXPRIVTXDUHVRI WKH UHJUHVVLRQ DUH DOZD\VSRVVLEOHE\ LQFUHDVLQJ WKHGLPHQVLRQRI WKH
SDUDPHWHU VSDFH9LHZHG IURP WKLVSHUVSHFWLYHPRGHO VHOHFWLRQFULWHULD VXFKDV%,& DQG
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%D\HVPRGHO LQZKLFK WKH SDUDPHWHUV DUH WLPH YDU\LQJ DQG GDWD GHSHQGHQW5DWKHU WKDQ
FRPPLWWLQJWRD´WUXHµYDOXHRIDSDUDPHWHUDVLQWKHFODVVLFDODSSURDFKWKHRSHUDWLRQRI
WKHOLNHOLKRRGSULQFLSOHFRPPLWVWKHDQDO\VWWRDQHZPRGHOZKHUHWKHSDUDPHWHUVHYROYH













VLJQLILHV LQIRUPDWLRQ WR WLPH W ²  7KLVPHDVXUH FDQ EH REWDLQHG IRU HDFK SURVSHFWLYH
PRGHODQG WKHUHE\EHXVHG WRFRPSDUHPRGHOV DQG WHVWK\SRWKHVHV7KHPHFKDQLVP IRU




























D XQLW URRW 7KH SURFHGXUH WR GR WKLV LV VWUDLJKWIRUZDUG:H VLPSO\ FDOFXODWH 3,& IRU D
JLYHQPRGHOZLWKDQGZLWKRXWDXQLWURRWH[SOLFLWO\LQFRUSRUDWHG&KRRVLQJWKHPRGHOZLWK
WKHPLQLPXPYDOXHRI3,&LVHTXLYDOHQWWRWHVWLQJWKHQXOOK\SRWKHVLVRIDXQLWURRWDJDLQVW




)XUWKHUPRUH 3,& FDQ EH DSSOLHG WR PRGHO VHOHFWLRQ LQ WKH FRQWH[W RI PXOWLYDULDWH
UHJUHVVLRQ DQG9$5PRGHOV 7KH WKHRU\ EHKLQG WKH RSHUDWLRQ RI 3,& LQ WKLV FRQWH[W LV
JLYHQ LQ 3KLOOLSV  2I SDUWLFXODU UHOHYDQFH WR WKH DSSOLFDWLRQV JLYHQ LQ WKLV SDSHU
PRGHOVHOHFWLRQE\3,&PD\EHSHUIRUPHGLQWKHFRQWH[WRID9$5V\VWHPZLWKSODJVDQG
GHWHUPLQLVWLF WUHQG RI GHJUHH T RU9$5S T V\VWHP ,Q SDUWLFXODU 3,& FDQ EH XVHG WR
MRLQWO\RU VHTXHQWLDOO\ VHOHFW WKH9$5RUGHU DQG WUHQGGHJUHHE\PLQLPLVLQJ WKH UHOHYDQW
3,&YDOXH0RUHRYHU3,&KDVEHHQH[WHQGHG WR WKHFDVHRISDUWLDOO\QRQVWDWLRQDU\9$5
PRGHOVZLWKUHGXFHGUDQNVWUXFWXUH9$5555E\3KLOOLSVDQG&KDRDQG3KLOOLSV
7KH\VKRZWKDW3,&FDQEHXVHGWR MRLQWO\VHOHFW WKH ODJ OHQJWKDQGFRLQWHJUDWLQJ









θ×l  LVWKH ORJ OLNHOLKRRGHYDOXDWHGDW WKHPD[LPXPOLNHOLKRRGHVWLPDWRU
N
θ× IRU
WKH PRGHO ZLWK SDUDPHWHU YHFWRU
N





7KH PRGHO VHOHFWLRQ WHFKQLTXHV RXWOLQHG DERYH DUH XVHG KHUH WR VHOHFW PRGHOV IRU
IRUHFDVWLQJ 1HZ =HDODQG·V UHDO *'3 7KH GDWD VHULHV FRPSULVH TXDUWHUO\ VHDVRQDOO\
DGMXVWHG JURVV GRPHVWLF SURGXFW DW  SULFHV IURP WKH 3&,1)26 GDWDEDVH RI































































RIWKHUHVLGXDOYDULDQFH 2~Kσ IURPWKHPD[LPXPPRGHOZLWKST 7KLVHVWLPDWH
LVXVHGLQWKHFDOFXODWLRQRI3,&
6WHS(VWLPDWHDQDUUD\RIUHJUHVVLRQVRIWKHIRUPZLWKS∈^`DQGT∈^
 ` DQG XVH %,& DQG 3,& WR VHOHFW WKH DXWRUHJUHVVLYH RUGHU DQG WUHQG GHJUHH
VLPXOWDQHRXVO\ 0RGHOV ZLWKLQ WKLV FODVV WKDW PLQLPLVH WKH YDOXHV RI %,& DQG 3,& DUH
VHOHFWHG













ZLWK WLPHYDU\LQJDQGGDWDGHSHQGHQWRUGHUSDUDPHWHUV6LQFHDOO VWHSVDUH UHSHDWHGHDFK
SHULRG LQFOXGLQJ WHVWLQJ WKH XQLW URRW UHVWULFWLRQ WKH SRVVLELOLW\ RI WKH XQLW URRW
IRUPXODWLRQVZLWFKLQJRQDQGRIIDVQHZGDWDDUHLQWURGXFHGDOORZVIRUVWUXFWXUDOFKDQJHLQ
WKHVSHFLILFDWLRQIRU IRUHFDVWLQJ2Q WKHRWKHUKDQG IL[HG IRUPDWPRGHOVNHHS WKH VDPH








7KHVH HYROYLQJ PRGHOV ZHUH XVHG WR JHQHUDWH H[DQWH IRUHFDVWV IRU YDULRXV IRUHFDVW
KRUL]RQV DQG WKHVH IRUHFDVWV ZHUH FRPSDUHG ZLWK WKRVH RI WKH IROORZLQJ IL[HG IRUPDW
PRGHOVRIWKHVDPHFODVVLDQ$5PRGHOZLWKQRGHWHUPLQLVWLFWUHQGDQGQRXQLWURRW
UHSUHVHQWLQJ WKH VLPSOHVWQRQ WULYLDOG\QDPLFPRGHO LQ WKH FODVV DQG LL WKHPD[LPXP
PRGHODOORZHGLHDQ$5PRGHOZLWKDTXDGUDWLFWUHQGDQGQRXQLWURRW,QDGGLWLRQWKH
1HZ =HDODQG ,QVWLWXWH RI (FRQRPLF 5HVHDUFK 1=,(5 SXEOLVKHV UHJXODU TXDUWHUO\

IRUHFDVWV RI WKH VDPH VHULHV DV XVHG KHUH LQ LWV SXEOLFDWLRQ 4XDUWHUO\ 3UHGLFWLRQV 7KH
IRUHFDVWVSURGXFHGE\WKHWLPHVHULHVPRGHOVFDQWKHUHIRUHEHFRPSDUHGZLWKHDFKRWKHU
























IRU WKH8QLWHG6WDWHV2QHIHDWXUHRI WKLVKLJKO\RSHQVWUXFWXUH LV WKDW WKH1HZ=HDODQG
HFRQRP\LV OLNHO\WREHVHQVLWLYHWRH[WHUQDOVKRFNV7KHHPSLULFDODQDO\VLV LQWKLVVHFWLRQ
DWWHPSWV WR FDSWXUH DQGTXDQWLI\ VXFK HIIHFWVE\ H[WHQGLQJ WKHXQLYDULDWH DQDO\VLV RI WKH
SUHYLRXVVHFWLRQWRDQLQWHUQDWLRQDO9$5FRQWH[W
9$5 PRGHOV KDYH DQ DGYDQWDJH RYHU ODUJH VWUXFWXUDO PRGHOV LQ WKDW WKH\ DUH
VWUDLJKWIRUZDUGWRHVWLPDWHDQGXVHWRJHQHUDWHIRUHFDVWV+RZHYHUPDFURHFRQRPLF9$5
PRGHOVTXLFNO\EHFRPHRYHUSDUDPHWHULVHGDVWKHQXPEHURIYDULDEOHVLQFUHDVHVDSUREOHP
WKDW LV W\SLFDOO\ RYHUFRPH E\ LPSRVLQJ VWUXFWXUDO UHVWULFWLRQV RQ WKH PRGHO RU E\
LPSOHPHQWLQJ D %D\HVLDQ K\SHUSDUDPHWHU PHWKRGRORJ\ *LYHQ WKH UHODWLYHO\ VKRUW GDWD
VHULHVDYDLODEOHIRU1HZ=HDODQG·VUHDO*'3ZHDWWHPSWWRDWWHQXDWHWKLVSUREOHPE\XVLQJ
DVPDOO LQWHUQDWLRQDO9$5PRGHO WKDW LQFOXGHVRQO\WKHUHDO*'3VHULHVRI1HZ=HDODQG























 LV D .×  YHFWRU RI HQGRJHQRXV YDULDEOHV DQG ε
W




 :HVHWS∈ ^`DQGT∈ ^`DV WKHGRPDLQV IRU WKH WZRRUGHU
SDUDPHWHUV ,Q DGGLWLRQ FRLQWHJUDWLRQ LV SHUPLWWHG E\ ZD\ RI WKH XVXDO UHGXFHG UDQN
UHJUHVVLRQ 555 UHVWULFWLRQV3KLOOLSV  DQG&KDRDQG3KLOOLSV  VKRZ WKDWZH
FDQXVH3,&WRVHOHFW WKHFRLQWHJUDWLQJ UDQN U WRJHWKHUZLWK WKH ODJRUGHU S DQG WUHQG
GHJUHHTLQWKHFRQWH[WRIUHGXFHGUDQNUHJUHVVLRQ9$5VRIWKLVW\SH7KHPRGHOWKHQKDV
WKUHHRUGHUSDUDPHWHUVWKHUHE\DOORZLQJIRUFRLQWHJUDWLQJUHODWLRQVKLSVEHWZHHQWKH*'3V
RI WKHFRXQWULHVXQGHUFRQVLGHUDWLRQKHUH ,QZKDW IROORZV WKHUHIRUHPRGHO VHOHFWLRQ LV
FRQGXFWHGXVLQJ WKH555YHUVLRQRIPRGHO  DQG WKH FRUUHVSRQGLQJ IRUPRI3,&ZDV
XVHGLQWKHHPSLULFDOZRUN
1HZ =HDODQG·V WKUHH PDLQ WUDGLQJ SDUWQHUV DUH $XVWUDOLD -DSDQ DQG WKH 8QLWHG 6WDWHV
&RPELQHGWKHVHWKUHHFRXQWULHVFRQVWLWXWHDSSUR[LPDWHO\RI1HZ=HDODQG·VH[WHUQDO
WUDGHE\YDOXH$FFRUGLQJO\WKHYDULDEOHVLQWKH9$5DUHWKHTXDUWHUO\VHDVRQDOO\DGMXVWHG




0RGHO VHOHFWLRQZDV SHUIRUPHG E\ XVLQJ 3,& WR VHOHFW WKH ODJ RUGHU WUHQG GHJUHH DQG
FRLQWHJUDWLQJ UDQN DW HDFK VWHS LQ WKH IRUHFDVW SHULRG WKXV DOORZLQJ IRU HYROYLQJ %D\HV
PRGHOVZLWKWLPHYDU\LQJDQGGDWDGHSHQGHQWSDUDPHWHUVLQFOXGLQJWKHRUGHUSDUDPHWHUV
7KH HVWLPDWHG FRHIILFLHQWVZHUH DOVR UHHVWLPDWHG DW HDFK VWHS LQ WKH IRUHFDVWLQJ SHULRG
$JDLQ WKLVZDV DFFRPSOLVKHG LQ WHUPV RI DQ DXWRPDWHG*$866SURJUDP 7KH HYROYLQJ
PRGHO VHOHFWHG E\ 3,& LV UHSUHVHQWHG LQ )LJXUH  )RUPRVW RI WKH IRUHFDVW SHULRG WKH

VHOHFWHG PRGHO LV D 9$5 ZLWK D FRQVWDQW $W WZR SRLQWV WKH VHOHFWHG PRGHO EULHIO\
FKDQJHV WR D 9$5 ZLWK QR LQWHUFHSW $ FRLQWHJUDWLQJ UDQN RI XQLW\ LV PDLQWDLQHG
WKURXJKRXW,QWKLVFDVHWKHFRLQWHJUDWLQJYHFWRUFDQEHHVWLPDWHGIURPWKHUHGXFHGUDQN
UHJUHVVLRQ DQG WKH HIIHFWV RI HDFK RI WKH HQGRJHQRXV YDULDEOHV FDQ EH LGHQWLILHG ,I WKH




$XVWUDOLDQ UHDO*'3 HQWHU VLJQLILFDQWO\ LQWR WKH FRLQWHJUDWLQJ UHJUHVVLRQ ZKLOH -DSDQHVH
UHDO*'3GRHVQRW7KHVLJQVRIWKHILWWHGFRHIILFLHQWVLQWKLVFRLQWHJUDWLQJYHFWRULQGLFDWH









WKH VDPH DV WKH HYROYLQJ XQLYDULDWHPRGHO VHOHFWHG E\3,& ,W LV LQWHUHVWLQJ WR QRWH WKDW
IRUHFDVWVRIWKHIL[HGXQLYDULDWH$5PRGHO²WKHVLPSOHVWG\QDPLFPRGHORIDOO²KDYH
WKH ORZHVW 506)( DW DOO IRUHFDVW KRUL]RQV H[FHSW HLJKW TXDUWHUV DKHDG ZKHUH WKH
XQLYDULDWHPRGHOFKRVHQE\3,&LVEHVW

7KHUH DUH VHYHUDO UHDVRQVZK\ VLPSOHPRGHOV WHQG WR GR DV ZHOO DV ODUJHPRGHOV )LUVW
VLPSOHPRGHOV UHGXFH YDULDQFH LQ IRUHFDVWLQJ H[SODLQLQJZK\%D\HVLDQ YHUVLRQV RI9$5
PRGHOVKDYHEHHQSRSXODULQIRUHFDVWLQJZRUN6HFRQGDVPHQWLRQHGHDUOLHU3OREHUJHUDQG
3KLOOLSVVKRZWKDWLQVPDOOPRGHOVRQHFDQJHWFORVHUWRWKHRSWLPDOSUHGLFWRUWKDQ
LQ ODUJHUPRGHOV$GGLWLRQDOO\ DV D UHIHUHH VXJJHVWHG UDWLRQDO GHFLVLRQPDNLQJ E\ DJHQWV
WDNHVDFFRXQWRIWKHFRVWVRIJDWKHULQJDQGSURFHVVLQJLQIRUPDWLRQVRWKDWRQO\ZKHQWKH





,Q DGGLWLRQ 7DEOH  VKRZV WKH 7KHLO 8VWDWLVWLFV IRU WKH YDULRXV PRGHOV DQG IRUHFDVW
KRUL]RQV $ 7KHLO 8VWDWLVWLF RI OHVV WKDQ RQH LQGLFDWHV WKDW WKH IRUHFDVWV LQ TXHVWLRQ
RXWSHUIRUPWKRVHRIDSXUHUDQGRPZDONRQDQ506)(EDVLV:HFDQVHHWKDWWKLVLVWKH
FDVH IRU WKH XQLYDULDWH DQG PXOWLYDULDWH HYROYLQJ %D\HV PRGHOV DQG WKH IL[HG XQLYDULDWH
$5PRGHODWDOOIRUHFDVWKRUL]RQV
7$%/(+(5(
1H[W ZH FRPSDUH WKH IRUHFDVWV JHQHUDWHG E\ WKH WLPH VHULHV PRGHOV ZLWK WKRVH RI WKH
1=,(56LQFHWKHIRUHFDVWVRIDOOWKHWLPHVHULHVPRGHOVFRQVLGHUHGDERYHH[FHSWIRUWKH



























8VLQJ JH   H WKH QXOO K\SRWKHVLV LV WKDW WKHUH LV QR GLIIHUHQFH LQ WKH PHDQ VTXDUHG
IRUHFDVW HUURUV:H KDYH WHVWHG WKLV K\SRWKHVLV IRU WKH WLPH VHULHV IRUHFDVWV DJDLQVW WKH
1=,(5 DQG WKH WHVW VWDWLVWLFV IRU WKH ´PRGLILHG 'LHEROG0DULDQR WHVWµ SURSRVHG E\







7KLV VHFWLRQ LOOXVWUDWHV WKH XVH RI WKHVH DXWRPDWHG IRUHFDVWLQJPHWKRGV LQ DQDO\VLQJ WKH
HIIHFWVRIH[WHUQDOVKRFNVDQGWKHLPSDFWRIGRPHVWLFPRQHWDU\SROLF\7KHHYROYLQJ9$5
PRGHOVVHOHFWHGE\3,&DUHXVHGWRJHQHUDWHRXWRIVDPSOHIRUHFDVWVRI1HZ=HDODQG·VUHDO








WKH$VLDQ ILQDQFLDOFULVLVZKHQ1HZ=HDODQGHFRQRPLFDFWLYLW\ DSSHDUHGYXOQHUDEOH WRD
GRZQWXUQ LQ WKH 86 HFRQRP\ ZKLFK ZDV SHUFHLYHG WR EH WKH PDLQ HQJLQH RI ZRUOG
HFRQRPLFJURZWKDWWKHWLPH
2YHU WKH SDVW GHFDGH UHDO *'3 LQ WKH 8QLWHG 6WDWHV KDV JURZQ DW DQ DYHUDJH UDWH RI
DSSUR[LPDWHO\  SHU TXDUWHU 6WDUWLQJ IURP -XQH  ZH DVVXPH WKDW WKLV SDWWHUQ
FRQWLQXHV IRU WZR IXUWKHU TXDUWHUV DQG LV IROORZHG E\ D UHFHVVLRQ FRQVLVWLQJ RI WZR
FRQVHFXWLYHTXDUWHUVRI FRQWUDFWLRQ JURZWK DQG DTXDUWHURI JURZWK:H WKHQ






%DVHG RQ *'3 GDWD DORQH WKLV LQWHUQDWLRQDO 9$5 PRGHO SUHGLFWV WKDW 1HZ =HDODQG·V
JURZWK UDWH GURSV DURXQG  IURP DSSUR[LPDWHO\  SHU TXDUWHU WR  SHU
TXDUWHUDWLWVPLQLPXP6LPLODUUHVXOWVDUHREWDLQHGIRU-DSDQZKHUHWKHJURZWKUDWHGURSV
IURP  WR  SHU TXDUWHU 7KH UHVXOWV IRU $XVWUDOLD DUHPRUH VWULNLQJ ZLWK WKH
$XVWUDOLDQJURZWKUDWHGURSSLQJIURPSHUTXDUWHUWRDOPRVW]HUREHIRUHUHFRYHULQJ







7KHVHFRQG LOOXVWUDWLRQ LQYROYHV DGRPHVWLF9$5PRGHOZKHUH WKHHQGRJHQRXVYDULDEOHV
DUHWKHQDWXUDOORJDULWKPRI1HZ=HDODQG·VTXDUWHUO\UHDO*'3WKHTXDUWHUO\DYHUDJHRIWKH
RYHUQLJKW FDVK UDWH 2&5 DQG WKH TXDUWHUO\ DYHUDJH RI WKH GD\ LQWHUHVW UDWH 6LQFH
















6FHQDULR7ZR 1R IXUWKHU WLJKWHQLQJ6XSSRVH WKDW WKH WZR DFWXDO2&5 LQFUHDVHVPHQWLRQHG
DERYHDUHFDUULHGRXWEXWWKDWWKHUHDUHQRIXUWKHULQFUHDVHVEHIRUH'HFHPEHU
6FHQDULR 7KUHH )XUWKHU WLJKWHQLQJ 6XSSRVH WKDW LQ DGGLWLRQ WR WKH WZR 2&5 LQFUHDVHV RI
1RYHPEHUDQG-DQXDU\WKH5%1=IXUWKHUUDLVHVWKHFDVKUDWHDWWKHEHJLQQLQJ
RIWKH-XQHTXDUWHUE\EDVLVSRLQWVWR
7KH HVWLPDWHG HIIHFWV RI WKHVH WKUHH VFHQDULRV RQ 1HZ =HDODQG·V TXDUWHUO\ UHDO *'3
JURZWK UDWH DUH VKRZQ LQ )LJXUH  7KH IRUHFDVW SHULRG LV IURP 'HFHPEHU  WR
'HFHPEHU  LQFOXVLYH:H FDQ VHH WKDW DVPRQHWDU\ FRQGLWLRQV EHFRPH WLJKWHU WKH
QHJDWLYHHIIHFWRQUHDO*'3JURZWK LV VWURQJHU&RPSDULQJVFHQDULRVRQHDQG WKUHH WKH
GLIIHUHQFH LQ UHDO *'3 JURZWK UDWHV DW WKH ORZHVW SRLQWV LQ WKH IRUHFDVW SHULRG LV
DSSUR[LPDWHO\  SHU TXDUWHU 5HFRYHU\ LQ *'3 JURZWK VHHPV WR EH VORZHU XQGHU
VFHQDULRWKUHHWKDQWKHRWKHUFDVHV7KHHIIHFWVRQGD\LQWHUHVWUDWHVDUHDOVRSUHGLFWHG
E\ WKHPRGHO DQG WKHVH DUH VKRZQ LQ )LJXUH  7KH GLIIHUHQFH LQ GD\ UDWHV EHWZHHQ





7KLV SDSHU SURYLGHV HPSLULFDO DSSOLFDWLRQV RI PRGHO VHOHFWLRQ WHFKQLTXHV LQ WLPH VHULHV
IRUHFDVWLQJZLWKLQWKHFRQWH[WRI¶$5S7UHQGT·DQG9$5STPRGHOVWKDWDOORZIRU
XQLWURRWVDQGFRLQWHJUDWLRQ:HKDYHVHHQWKDWSDUVLPRQLRXVHYROYLQJWLPHVHULHVPRGHOV
FDQJHQHUDWH IRUHFDVWVRI1HZ=HDODQG·V UHDO*'3VHULHV WKDWDUHFRPSHWLWLYHZLWK IL[HG

IRUPDW PRGHOV DQG ZLWK WKH IRUHFDVWV RI D SURIHVVLRQDO IRUHFDVWLQJ LQVWLWXWLRQ
)XUWKHUPRUH VXFK PRGHOV FDQ EH FRQVWUXFWHG DQG DXWRPDWHG LQ FRPSXWHU VRIWZDUH
UHODWLYHO\HDVLO\$OO WKDW WKH UHVHDUFKHUQHHGV WRGR LV WR FKRRVH WKH DSSURSULDWH FODVVRI
PRGHODQGWKHRSWLPDOPRGHOZLWKLQWKHFODVVLVDXWRPDWLFDOO\VHOHFWHGZKHQHYHUQHZGDWD
EHFRPHVDYDLODEOH:KLOHWKHPHFKDQLVWLFQDWXUHRIWKLVDSSURDFKFHUWDLQO\KDVOLPLWDWLRQV
WKH H[HUFLVHV VKRZQ KHUH LQGLFDWH WKDW LW FDQ ZRUN ZHOO LQ SUDFWLFH DQG FDQ SURYLGH
FRPSHWLWLYHIRUHFDVWVDWYHU\ORZFRVW
:HKDYHDOVRVKRZQWKDWVXFKPRGHOVDUHXVHIXOLQFHUWDLQW\SHVRISROLF\DQDO\VLVDQGLQ
DQWLFLSDWLQJ WKH HIIHFWV RI IRUHLJQ FRXQWU\ VKRFNV ,QGHHG DXWRPDWLF VHOHFWLRQ RI WKH
RSWLPDO PRGHO JLYHQ WKH DYDLODEOH GDWD E\ WKH PHWKRGV DSSOLHG LQ WKLV SDSHU OHDYHV DQ
LQYHVWLJDWRU IUHH WR H[SHULPHQW ZLWK LQSXW VFHQDULRV WKDW FRYHU D KRVW RI K\SRWKHVLVHG
VLWXDWLRQV WKDW PD\ EH RI LQWHUHVW 7KLV DSSURDFK VHHPV SDUWLFXODUO\ YDOXDEOH ZKHQ
IRUHFDVWLQJWKHHIIHFWVRIGLIIHUHQWHFRQRPLFSROLFLHVDQGLQVWXG\LQJWKHSRWHQWLDO LPSDFW




&KDR -&DQG3&%3KLOOLSV 0RGHO VHOHFWLRQ LQSDUWLDOO\QRQVWDWLRQDU\YHFWRU
DXWRUHJUHVVLYHSURFHVVHVZLWKUHGXFHGUDQNVWUXFWXUH-RXUQDORI(FRQRPHWULFV²







1HOVRQ&5 DQG& 3ORVVHU 7UHQGV DQG UDQGRPZDONV LQPDFURHFRQRPLF WLPH
VHULHV6RPHHYLGHQFHDQGLPSOLFDWLRQV-RXUQDORI0RQHWDU\(FRQRPLFV²
3KLOOLSV 3&%  %D\HVPRGHOV DQG IRUHFDVWV RI$XVWUDOLDQPDFURHFRQRPLF WLPH
VHULHV,Q&3+DUJUHDYHV(G1RQVWDWLRQDU\7LPH6HULHV$QDO\VLVDQG&RLQWHJUDWLRQ2[IRUG
8QLYHUVLW\3UHVV1HZ<RUN2[IRUG






















GDWD 7KUHH DQRQ\PRXV UHIHUHHV SURYLGHG YHU\ KHOSIXO FRPPHQWV 6FKLII JUDWHIXOO\
DFNQRZOHGJHV WKH VXSSRUW RI WKH $XFNODQG %XVLQHVV 6FKRRO WKURXJK D GLVVHUWDWLRQ
SXEOLFDWLRQVFKRODUVKLS3KLOOLSVWKDQNVWKH16)IRUUHVHDUFKVXSSRUWXQGHU*UDQW6%5

 7KHVH PHWKRGV KDYH EHHQ XVHG E\ WKH VHFRQG DXWKRU IRU WKH SDVW VHYHUDO \HDUV LQ
SURGXFLQJIRUHFDVWVRIVHYHUDO$VLD3DFLILFQDWLRQV²VHH3KLOOLSVFIRUDGLVFXVVLRQRI
WKHVHDSSOLFDWLRQV$QLQWHUDFWLYHYHUVLRQRIVLPLODUPHWKRGVDSSOLHGWR1HZ=HDODQGGDWD
KDV EHHQ GHYHORSHG DQG D SURWRW\SH LV QRZ DYDLODEOH RQ DZHE VLWH DW WKH8QLYHUVLW\ RI
$XFNODQGGHYHORSHGE\3KLOOLSVKWWSSUHGLFWDHFRDXFNODQGDFQ]7KLVZHEVLWHDOORZV
UHPRWHXVHUVWRREWDLQIRUHFDVWVRIPDFURHFRQRPLFDFWLYLW\LQWKH1HZ=HDODQGHFRQRP\
DQG LV EHLQJ H[WHQGHG LV WR SHUIRUPSROLF\ VLPXODWLRQV VLPLODU WR WKRVH SUHVHQWHG LQ WKH
SUHVHQW SDSHU$OO FDOFXODWLRQV DQG JUDSKLFV RQ WKLVZHE VLWH DUH GRQH LQ UHDO WLPH RQ D
GHGLFDWHGVHUYHUDWWKH8QLYHUVLW\RI$XFNODQG
 7KLV IRUPXOD UHOLHV RQ WKH *DXVVLDQLW\ RI WKH HUURUV )RUPXODH IRU RWKHU FDVHV DUH
DYDLODEOHDQGUHO\RQWKHIRUPRIWKHOLNHOLKRRG3KLOOLSV





7KH1=,(5IRUHFDVW IRUDSDUWLFXODUGDWHKDVEHHQ WDNHQIURPWKHVXEVHTXHQW LVVXHRI
4XDUWHUO\ 3UHGLFWLRQV )RU H[DPSOH WKH RQHSHULRG DKHDG IRUHFDVW RI0DUFK *'3 LV
WDNHQIURPWKH-XQHLVVXHRI4XDUWHUO\3UHGLFWLRQVZKHQ*'3GDWDXSWRDQGLQFOXGLQJ
'HFHPEHUZDVDYDLODEOH
 &ODVVLFDO $XJPHQWHG'LFNH\ )XOOHU DQG 3KLOOLSV2XOLDULV WHVWV GR QRW JLYH HYLGHQFH WR
VXJJHVWFRLQWHJUDWLQJUHODWLRQVKLSVH[FHSWEHWZHHQWKHVHULHVIRU$XVWUDOLDDQGWKH8QLWHG































































































































BIC PIC AR(1) Max. Model NZIER
































































VAR Order Trend Degree Cointegrating Rank
















Univariate BIC Univariate PIC Univariate AR(1) NZIER Multivariate PIC-RRR
Figure 4: RMSFEs for ex-ante forecasts from the evolving and fixed univariate models, the
















1 0.96 0.93 0.88 0.86 1.89 0.91
2 0.89 0.96 0.88 0.84 1.15 0.96
3 0.88 0.99 0.90 0.84 1.14 1.05
4 0.86 0.95 0.88 0.84 0.89 1.17
5 0.88 0.88 0.82 0.81 0.94 1.26
6 0.78 0.89 0.75 0.72 0.77 1.19
7 0.73 0.88 0.68 0.66 0.92 1.23
8 0.64 0.90 0.56 0.58 1.11 1.20


























































































































































































1 2.201 2.782 2.608 2.846 2.746
2 2.228 0.783 0.688 0.846 0.905
3 2.262 0.547 0.416 0.525 0.633
4 2.306 0.076 -0.332 0.195 0.353















































































N.Z. (left axis) U.S. (right axis)
Figure 6 (a): Forecast quarterly growth rates for New Zealand real GDP under the assumption













































































Aust. (left axis) U.S. (right axis)

















































































Japan (left axis) U.S. (right axis)































































Scenario 1 Scenario 2 Scenario 3
Figure 7: Forecast quarterly real GDP growth rates for New Zealand under different
























































Scenario 1 Scenario 2 Scenario 3
Figure 8: Forecast 90-day interest rates for New Zealand under different assumptions about
monetary conditions.
